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Description

[0001] This application claims the benefit of Republic
of Korea Patent Application No. 10-2015-0138261 filed
on September 30, 2015, which is incorporated herein by
reference for all purposes as if fully set forth herein.

BACKGROUND
Field
[0002] The present disclosure relates to a display de-

vice, in which touch sensors are embedded in a pixel
array, and a method for driving the same.

Discussion of the Related Art

[0003] User interface (Ul) is configured so that users
are able to communicate with various electronic devices
and thus can easily and comfortably control the electronic
devices as they desire. Examples of the user interface
include a keypad, a keyboard, a mouse, an on-screen
display (OSD), and aremote controller having an infrared
communication function or a radio frequency (RF) com-
munication function. User interface technology has con-
tinuously expanded to increase user’ s sensibility and
handling convenience. The user interface has been re-
cently developed to include touch Ul, voice recognition
Ul, 3D UI, etc.

[0004] The touch Ul has been essentially adopted in
portable information devices, such as smart phones, and
expanded to notebook computers, computer monitors,
and home appliances. A technology (hereinafter referred
to as "in-cell touch sensor technology") has beenrecently
proposed to embed touch sensors in a pixel array of a
display panel. In the in-cell touch sensor technology, the
touch sensors may be installed in the display panel with-
out an increase in a thickness of the display panel. The
touch sensors are connected to pixels through parasitic
capacitances. In order to reduce a mutual influence at-
tributable to coupling between the pixels and the touch
sensors, one frame period may be time-divided into a
period (hereinafter referred to as "display driving period"),
in which the pixels are driven, and a period (hereinafter
referred to as a "touch sensor driving period"), in which
the touch sensors are driven.

[0005] In the in-cell touch sensor technology, elec-
trodes connected to the pixels of the display panel are
used as electrodes of the touch sensors. For example,
in the in-cell touch sensor technology, a common elec-
trode supplying a common voltage to pixels of a liquid
crystal display is segmented, and segmented common
electrode patterns are used as the electrodes of the touch
Sensors.

[0006] A parasitic capacitance connected to the in-cell
touch sensors increases due to coupling between the in-
cell touch sensors and the pixels. If the parasitic capac-
itance increases, touch sensitivity and accuracy of touch
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recognition may be deteriorated. Aload free driving meth-
od is used to reduce an influence of the parasitic capac-
itance on the touch sensing.

[0007] The load free driving method supplies an AC
(alternating current) signal having the same phase and
the same amplitude as a touch driving signal to data lines
and gate lines of the display panel during the touch sen-
sor driving period, thereby reducing the influence of the
parasitic capacitance of the touch sensor on the touch
sensing. More specifically, the load free driving method
supplies a data voltage of an inputimage to the data lines
and also supplies a gate pulse synchronized with the
data voltage to the gate lines during the display driving
period, and supplies the AC signal synchronized with the
touch driving signal to the data lines and the gate lines
during the touch sensor driving period.

[0008] In the load free driving method, because the
touch driving signal and the AC signal having the same
phase and the same amplitude are applied to both ends
(the touch sensor and the signal lines) of the parasitic
capacitance, the influence of the parasitic capacitance
may be excluded. This is because voltages at both ends
of the parasitic capacitance simultaneously change, and
an amount of charges charged to the parasitic capaci-
tance decreases as a voltage difference between both
ends of the parasitic capacitance decreases. According
to the load free driving method, an amount of charges
charged to the parasitic capacitance is theoretically zero.
Therefore, a load free effect not having the parasitic ca-
pacitance may be obtained.

[0009] The load free effect may be obtained when the
touch driving signal and the AC signal have completely
the same phase and the same amplitude.

[0010] In the load free driving method, the touch sen-
sitivity and the accuracy of touch recognition may be im-
proved as the amplitude of the touch driving signal in-
creases. However, there is a limit to an increase in the
amplitude of the touch driving signal due to a specification
of a gate driver integrated circuit (IC).

SUMMARY

[0011] The present disclosure provides a display de-
vice and a method for driving the same capable of im-
proving touch sensitivity and accuracy of touch recogni-
tion by increasing an amplitude of a touch driving signal.
[0012] In one aspect, there is a display device com-
prising a display panel including pixels and touch sen-
sors, the display panel being time-division driven in a
display driving period and a touch sensor driving period,
amain power integrated circuit (IC) configured to produce
a first gate high voltage and a second gate high voltage
less than the first gate high voltage, a touch power IC
configured to produce a first AC (alternating current) sig-
nal having an amplitude corresponding to the second
gate high voltage, and a gate driver configured to produce
agate pulse based on the first gate high voltage to supply
the gate pulse to gate lines connected to the pixels during
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the display driving period and supply the first AC signal
to the gate lines during the touch sensor driving period.
[0013] In one or more embodiments, during the touch
sensor driving period, a touch driving signal having the
same phase and the same amplitude as the first AC sig-
nal is supplied to the touch sensors, and a second AC
signal having the same phase and the same amplitude
as the first AC signal is supplied to data lines connected
to the pixels.

[0014] In one or more embodiments, an amplitude of
the first AC signal has a voltage margin proportional to
a difference between the first gate high voltage and the
second gate high voltage.

[0015] Inoneor more embodiments, the display device
further comprises a timing controller configured to ana-
lyze an input image and produce a power control signal
depending on an attribute of the input image. The main
power IC controls the second gate high voltage in re-
sponse to the power control signal.

[0016] Inoneormore embodiments, the display device
further comprises a pulse width modulation (PWM) gen-
erator configured to output first to third PWM signals. The
first to third PWM signals have the same phase.

[0017] In one or more embodiments, the touch power
IC produces the touch driving signal having an amplitude
corresponding to the second gate high voltage based on
the first PWM signal, or produces the first AC signal hav-
ing an amplitude corresponding to the second gate high
voltage based on the second PWM signal, or produces
the second AC signal having an amplitude corresponding
to the second gate high voltage based on the third PWM
signal.

[0018] In one or more embodiments, the touch power
IC level-shifts the first PWM signal based on a common
voltage to produce the touch driving signal, level-shifts
the second PWM signal based on the common voltage
to produce the first AC signal, and level-shifts the third
PWM signal based on a gate low voltage to produce the
second AC signal.

[0019] In another aspect, there is a method for driving
adisplay device including a display panel including pixels
and touch sensors, the display panel being time-division
driven in a display driving period and a touch sensor driv-
ing period, the method comprising producing a first gate
high voltage and producing a second gate high voltage
less than the first gate high voltage, producing a first AC
(alternating current) signal having an amplitude corre-
sponding to the second gate high voltage, and producing
agate pulse based on the first gate high voltage to supply
the gate pulse to gate lines connected to the pixels during
the display driving period and supplying the first AC signal
to the gate lines during the touch sensor driving period.
[0020] In one or more embodiments, the method fur-
ther comprises supplying a touch driving signal having
the same phase and the same amplitude as the first AC
signal to the touch sensors during the touch sensor driv-
ing period, and supplying a second AC signal having the
same phase and the same amplitude as the first AC sig-
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nal to data lines connected to the pixels during the touch
sensor driving period.

[0021] In one or more embodiments, an amplitude of
the first AC signal has a voltage margin proportional to
a difference between the first gate high voltage and the
second gate high voltage.

[0022] In one or more embodiments, the method fur-
ther comprises analyzing an input image and producing
a power control signal depending on an attribute of the
input image.

[0023] In one or more embodiments, the producing of
the second gate high voltage includes controlling the sec-
ond gate high voltage in response to the power control
signal.

[0024] In various embodiments, a display device com-
prises a display panel. The display panel includes one
or more pixels, touch sensors, and a gate line connected
to the one or more pixels. The display panel is driven in
adisplay driving period and a touch sensor driving period.
The display panel can include driving circuitry to drive
the display panel. A gate driver of the driving circuitry
generates a gate pulse based on a gate high voltage and
to supply the gate pulse to the gate line. A power circuit
of the driving circuitry generates the gate high voltage.
The power circuit generates the gate high voltage to have
a first voltage level during the display driving period and
to have a second voltage level lower than the first voltage
level during the touch sensor driving period.

[0025] In one or more embodiments, a touch power
circuit of the driving circuitry produces a first AC (alter-
nating current) signal having an amplitude corresponding
to the second voltage level of the gate high voltage. The
gate driver supplies the gate pulse to the gate line during
the display driving period and supplies the first AC signal
to the gate line during the touch sensor driving period.
[0026] In one or more embodiments, during the touch
sensor driving period, a touch driving signal having the
same phase and the same amplitude as the first AC sig-
nal is supplied to the touch sensors. A second AC signal
having the same phase and the same amplitude as the
first AC signal is supplied to data lines connected to the
pixels.

[0027] Inoneormore embodiments, the display device
comprises a pulse width modulation (PWM) generator
that is configured to output first, second and third PWM
signals having a same phase. The touch power circuit
produces the touch driving signal having an amplitude
corresponding to the second voltage level of the gate
high voltage based on the first PWM signal, produces
the first AC signal having an amplitude corresponding to
the second voltage level of the gate high voltage based
on the second PWM signal, and produces the second
AC signal having an amplitude corresponding to the sec-
ond voltage level of the gate high voltage based on the
third PWM signal.

[0028] In one or more embodiments, the touch power
circuit level-shifts the first PWM signal based on a com-
mon voltage to produce the touch driving signal, level-
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shifts the second PWM signal based on the common volt-
age to produce the first AC signal, and level-shifts the
third PWM signal based on a gate low voltage to produce
the second AC signal.

[0029] In one or more embodiments, an amplitude of
the first AC signal has a voltage margin proportional to
a difference between the first voltage level and the sec-
ond voltage level of the gate high voltage.

[0030] Inoneormore embodiments, the display device
includes a timing controller configured to analyze an input
image and produce a power control signal depending on
an attribute of the input image. The power circuit controls
the second voltage level of the gate high voltage in re-
sponse to the power control signal.

[0031] Various embodiments provide a driving circuit
for a display device having one or more pixels, touch
sensors, and a gate line connected to the one or more
pixels, the display device configured to be driven in a
display driving period and a touch sensor driving period,
the driving circuit comprising: a power circuit configured
to generate a gate high voltage for a gate driver, the gate
driver configured to supply a gate pulse to the gate line
based on the gate high voltage; and wherein the power
circuit is configured to generate the gate high voltage to
have a first voltage level during the display driving period
and to generate the gate high voltage to have a second
voltage level lower than the first voltage level during the
touch sensor driving period.

[0032] Inone or more embodiments, the driving circuit
further comprises: a touch power circuit configured to
produce a first AC (alternating current) signal having an
amplitude corresponding to the second voltage level of
the gate high voltage, wherein the gate driver is config-
ured to supply the gate pulse to the gate line during the
display driving period and supply the first AC signal to
the gate line during the touch sensor driving period.
[0033] Inone or more embodiments, the driving circuit
is configured to, during the touch sensor driving period,
supply a touch driving signal having the same phase and
the same amplitude as the first AC signal to the touch
sensors, and supply a second AC signal having the same
phase and the same amplitude as the first AC signal to
data lines connected to the pixels.

[0034] In one or more embodiments, the driving circuit
further comprises: a pulse width modulation (PWM) gen-
erator configured to output first, second and third PWM
signals having a same phase, and wherein the touch
power circuit is configured to produce the touch driving
signal having an amplitude corresponding to the second
voltage level of the gate high voltage based on the first
PWM signal, and produce the first AC signal having an
amplitude corresponding to the second voltage level of
the gate high voltage based on the second PWM signal,
and produce the second AC signal having an amplitude
corresponding to the second voltage level of the gate
high voltage based on the third PWM signal.

[0035] In one or more embodiments, the touch power
circuit is configured to level-shift the first PWM signal
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based on a common voltage to produce the touch driving
signal, level-shift the second PWM signal based on the
common voltage to produce the first AC signal, and level-
shift the third PWM signal based on a gate low voltage
to produce the second AC signal.

[0036] In one or more embodiments, an amplitude of
the first AC signal has a voltage margin proportional to
a difference between the first voltage level and the sec-
ond voltage level of the gate high voltage.

[0037] In one or more embodiments, the driving circuit
further comprises a timing controller configured to ana-
lyze an input image and produce a power control signal
depending on an attribute of the input image, wherein
the power circuit is configured to control the second volt-
age level of the gate high voltage in response to the power
control signal.

[0038] Various embodiments provide a display device
comprising: a display panel including one or more pixels,
touch sensors, and a gate line connected to the one or
more pixels, the display panel configured to be driven in
adisplay driving period and a touch sensor driving period;
a gate driver configured to generate a gate pulse based
on a gate high voltage and to supply the gate pulse to
the gate line, and a driving circuit according to one or
more embodiments described herein, coupled to the gate
driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

FIG. 1 shows a display device according to an ex-
emplary embodiment of the invention;

FIG. 2 shows an example of a touch sensor embed-
ded in a pixel array;

FIG. 3 is a waveform diagram showing a touch driv-
ing signaland AC signals supplied to a touch sensor,
a data line, and a gate line in a display driving period
and a touch sensor driving period in a time-division
drive according to an exemplary embodiment of the
invention;

FIG. 4 shows a connection relationship of a display
panel, a timing controller, a touch driving device, and
a display driver according to an exemplary embodi-
ment of the invention;

FIG. 5 shows internal configuration of SRIC shown
in FIG. 4;

FIG. 6 illustrates an operation of each of a main pow-
er IC, TPIC, and a PWM generator according to an
exemplary embodiment of the invention;

FIG. 7 is a waveform diagram showing an amplitude
of a first AC signal depending on a difference be-
tween a first gate high voltage and a second gate



7 EP 3 151 093 A1 8

high voltage;

FIG. 8is a waveform diagram showing a second gate
high voltage controlled in response to a power con-
trol signal; and

FIGS. 9to 11 show various examples of a touch driv-
ing device according to an exemplary embodiment
of the invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0040] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts. etailed de-
scription of known arts will be omitted if it is determined
that the arts can mislead the embodiments of the inven-
tion.

[0041] FIGS. 1 to 6 show a display device according
to an exemplary embodiment of the invention.

[0042] Referring to FIGS. 1 to 6, a display device ac-
cording to the embodiment of the invention may be im-
plemented based on a flat panel display, such as a liquid
crystal display (LCD), a field emission display (FED), a
plasma display panel (PDP), an organic light emitting di-
ode display, and an electrophoresis display (EPD). In the
following description, the embodiment of the invention
will be described using the liquid crystal display as an
example of the flat panel display. Otherflat panel displays
may be used.

[0043] The display device includes a display module
and a touch module.

[0044] Thedisplay module may include adisplay panel
10, a display driver, a timing controller 16, and a host
system 19.

[0045] The display panel 10 includes a liquid crystal
layer formed between an upper substrate and a lower
substrate. The pixel array of the display panel 10 includes
pixels 101 formed in pixel areas defined by the data lines
D1 to Dm and the gate lines G1 to Gn, where m and n
are a positive integer. Each pixel 101 includes thin film
transistors (TFTs) formed at crossings of the data lines
D1 to Dm and the gate lines G1 to Gn, a pixel electrode
charged to a data voltage, a storage capacitor which is
connected to the pixel electrode and holds a voltage of
a liquid crystal cell, and the like.

[0046] Black matrixes, color filters, etc. may be formed
on the upper substrate of the display panel 10. The lower
substrate of the display panel 10 may be configured in a
COT (color filter on TFT) structure. In this instance, the
black matrixes and the color filters may be formed on the
lower substrate of the display panel 10. A common elec-
trode, to which the common voltage Vcom is supplied,
may be formed on the upper substrate or the lower sub-
strate of the display panel 10. Polarizing plates are re-
spectively attached to the upper substrate and the lower
substrate of the display panel 10. Alignment layers for
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setting a pre-tilt angle of liquid crystals are respectively
formed on the inner surfaces contacting the liquid crystals
in the upper substrate and the lower substrate of the dis-
play panel 10. A column spacer is formed between the
upper substrate and the lower substrate of the display
panel 10 to keep cell gaps of the liquid crystal cells con-
stant.

[0047] A backlight unit may be disposed under a back
surface of the display panel 10. The backlight unit may
be implemented as one of an edge type backlight unit
and a direct type backlight unit and irradiates light onto
the display panel 10. The display panel 10 may be im-
plemented in any known mode including a twisted nemat-
ic (TN) mode, a vertical alignment (VA) mode, an in-plane
switching (IPS) mode, a fringe field switching (FFS)
mode, etc.

[0048] The display driverincludes a data driver 12 and
a gate driver 14. The display driver applies input image
data RGB to the pixels 101 of the display panel 10 under
the control of the timing controller 16. The data driver 12
converts the input image data RGB received from the
timing controller 16 into positive and negative analog
gamma compensation voltages and outputs a data volt-
age. The data driver 12 then supplies the data voltage
tothedatalines D1 to Dm. The gate driver 14 sequentially
supplies a gate pulse (or a scan pulse) synchronized with
the data voltage to the gate lines G1 to Gn and selects
pixel lines of the display panel 10 to which the data volt-
age is applied.

[0049] The timing controller 16 receives timing signals,
such as a vertical sync signal Vsync, a horizontal sync
signal Hsync, a data enable signal DE, and a main clock
MCLK, from the host system 19. The timing controller 16
synchronizes operation timings of the data driver 12 and
the gate driver 14 with each other. The timing controller
16 generates a data timing control signal and a scan tim-
ing control signal for respectively controlling the opera-
tion timings of the data driver 12 and the gate driver 14
using the timing signals. The data timing control signal
includes a source sampling clock SSC, a source output
enable signal SOE, a polarity control signal POL, etc.
The scan timing control signal includes a gate start pulse
GSP, a gate shift clock GSC, a gate output enable signal
GOE, and the like. The timing controller 16 analyzes an
input image and produces a power control signal PSS
depending on an attribute of the input image.

[0050] The host system 19 transmits the input image
data RGB and the timing signals Vsync, Hsync, DE, and
MCLK to the timing controller 16. Further, the host system
19 may execute an application associated with touch co-
ordinate information TDATA(XY) received from a touch
driving device 18.

[0051] The touch module includes touch sensors TS1
to TS4 and the touch driving device 18 driving the touch
sensors TS1 to TS4.

[0052] The touch sensors TS1 to TS4 may be imple-
mented as capacitive sensors sensing a touch input
through a capacitive manner. The touch sensors TS 1 to
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TS4 each have a capacitance. The capacitance may be
divided into a self-capacitance and a mutual capacitance.
The self-capacitance may be formed along a conductor
line of a single layer formed in one direction, and the
mutual capacitance may be formed between two con-
ductor lines perpendicular to each other.

[0053] The touch sensors TS 1 to TS4 may be embed-
ded in the pixel array of the display panel 10. Referring
to FIG. 2, the pixel array of the display panel 10 includes
the touch sensors TS1 to TS4 and sensor lines L1 to Li
connected to the touch sensors TS1 to TS4, where "i" is
apositive integer less than m and n. Acommon electrode
COM of the pixels 101 is divided into a plurality of seg-
ments. The touch sensors TS1 to TS4 are implemented
as the divided common electrodes COM. One common
electrode segment is commonly connected to the plural-
ity of pixels 101 and forms one touch sensor. The touch
sensors TS1 to TS4 supply a common voltage Vcom to
the pixels 101 during a display driving period Td. During
a touch sensor driving period Tt, the touch sensors TS1
to TS4 receive a touch driving signal Vdrv and sense a
touchinput. FIG. 2 shows the self-capacitance touch sen-
sors, as an example. Other types of touch sensors may
be used for the touch sensors TS 1 to TS4.

[0054] The touch driving device 18 senses a change
in charges of the touch sensors TS1 to TS4 before and
after a touch operation and determines whether or not
the touch operation using a conductive material, for ex-
ample, a finger (or a stylus pen) is performed and a lo-
cation of the touch operation. The touch driving device
18 analyzes the change in the charges of the touch sen-
sors TS1 to TS4, determines whether or not the touch
inputis received, and calculates coordinates of a location
of the touch input. The coordinate information TDA-
TA(XY) of the location of the touch input is transmitted
to the host system 19.

[0055] The display device according to the embodi-
ment of the invention time-divides one frame period into
a period, in which a touch input is sensed, and a period,
in which input image data is applied. For this, as shown
in FIG. 3, the timing controller 16 may time-divide one
frame period into a touch sensor driving period Tt, in
which the touch input is sensed, and a display driving
period Td, in which the inputimage data is applied, based
on a touch enable signal TEN. FIG. 3 shows that one
frame period is time-divided into the touch sensor driving
period Tt and the display driving period Td, as an exam-
ple. The embodiment of the invention is not limited there-
to. For example, one frame period may be time-divided
into at least one touch sensor driving period Tt and at
least one display driving period Td.

[0056] During the display driving period Td, the data
driver 12 supplies the data voltage to the data lines D1
to Dm under the control of the timing controller 16, and
the gate driver 14 sequentially supplies the gate pulse
synchronized with the data voltage to the gate lines G1
to Gn under the control of the timing controller 16. During
the display driving period Td, the gate driver 14 produces
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the gate pulse based on a first gate high voltage Vgh1
and supplies the gate pulse to the gate lines G1 to Gn
connected to the pixels. During the touch sensor driving
period Tt, the gate driver 14 supplies a first AC signal to
the gate lines G1 to Gn. During the display driving period
Td, the touch driving device 18 stops a touch sensing
operation.

[0057] During the touch sensor driving period Tt, the
touch driving device 18 drives the touch sensors TS1 to
TS4. The touch driving device 18 supplies the touch driv-
ing signal Vdrv to the touch sensors TS1 to TS4 through
the sensor lines L1 to Li and senses a touch input.
[0058] During the touch sensor driving period Tt, the
display driver (12, 14) supplies first and second AC sig-
nals LFD1 and LFD2 synchronized with the touch driving
signal Vdrv to the signal lines D1 to Dm and G1 to Gn
connected to the pixels 101, thereby minimizing parasitic
capacitances between the signal lines D1 to Dm and G1
to Gn connected to the pixels 101 and the touch sensors
TS1 to TS4.

[0059] The first AC signal LFD1 is changed to have an
amplitude corresponding to a second gate high voltage
Vgh2. A touch power integrated circuit (IC) produces the
first AC signal LFD1 having the amplitude corresponding
to the second gate high voltage Vgh2 during the touch
sensor driving period Tt. As the first AC signal LFD1 is
changed to have the amplitude corresponding to the sec-
ond gate high voltage Vgh2, the second AC signal LFD2
and the touch driving signal Vdrv may be changed to
have the same phase and the same amplitude as the
first AC signal LFD1. This is described in detail later.
[0060] As shown in FIG. 3, a touch sensor driver RIC
supplies the touch driving signal Vdrv to the touch sen-
sors TS 1 to TS during the touch sensor driving period
Tt. The display driver (12, 14) supplies the first AC signal
LFD1 to the gate lines G1 to Gn and supplies the second
AC signal LFD2 to the data lines D 1 to Dm during the
touch sensor driving period Tt. Namely, during the touch
sensor driving period Tt for sensing the touch input, the
touch sensor driver RIC supplies the touch driving signal
Vdrv to the touch sensors TS1 to TS, supplies the first
AC signal LFD1 having the same phase and the same
amplitude as the touch driving signal Vdrv to the gate
lines G1 to Gn connected to the pixels 101, and supplies
the second AC signal LFD2 having the same phase and
the same amplitude as the touch driving signal Vdrv to
the data lines D 1 to Dm connected to the pixels 101.
[0061] Referringto FIG. 5, the touch sensor driver RIC
may include a multiplexer MUX and a sensing unit SU.
Although not shown, the multiplexer MUX selects touch
sensors TS accessed by the sensing unit SU under the
control of a microcontroller unit (MCU) and then supplies
the touch driving signal Vdrv to the selected touch sen-
sors TS.

[0062] The sensing unit SU is connected to the sensor
lines L1 to Li through the multiplexer MUX, measures a
change in a waveform of a voltage received from the
touch sensors TS, and converts the change into digital
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data. The sensing unit SU includes an amplifier amplify-
ing the received voltages of the touch sensors TS, an
integrator accumulating the amplified voltages of the am-
plifier, and an analog-to-digital converter (ADC) convert-
ing a voltage of the integrator into digital data. The digital
data output from the ADC is touch raw data and is trans-
mitted to the MCU.

[0063] FIG. 4 shows a connection relationship of the
display panel 10, the timing controller 16, the touch driv-
ing device 18, and the display driver (12, 14). FIG. 5
shows internal configuration of SRIC shown in FIG. 4.
FIG. 6 illustrates an operation of each of a main power
IC, TPIC, and a pulse width modulation (PWM) generator
according to the embodiment of the invention.

[0064] Referring to FIGS. 4 to 6, the touch driving de-
vice 18 may include the timing controller 16 mounted on
a control printed circuit board (PCB) CPCB, a touch pow-
er IC 260 (or TPIC), and a main power IC 300 (or PMIC).
The touch driving device 18 may further include a PWM
generator 250. The PWM generator 250 may be mounted
on the control PCB CPCB.

[0065] The control PCB CPCB may be electrically con-
nected to a source PCB SPCB through a cable. The
source PCB SPCB and the display panel 10 may be elec-
trically connected to each other through a first COF (chip-
onfilm) COF1. The control PCB CPCB may be integrated
into the source PCB SPCB when the small-sized display
device is used.

[0066] A source driver IC SIC implementing the data
driver 12 and the touch sensor driver RIC are integrated
to form SRIC. The SRIC is mounted on the first COF
COF1.

[0067] A gatedriverIC GICimplementing the gate driv-
er 14 is mounted on a second COF COF2. The second
COF COF2 is attached to the display panel 10.

[0068] Thefirst COF COF1andthe second COF COF2
may be formed in the form of COG (chip-on glass) when
the small-sized display device is used.

[0069] The touch sensor driver RIC includes the mul-
tiplexer MUX and the sensing unit SU. During the touch
sensor driving period Tt, the touch sensor driver RIC sup-
plies the touch driving signal Vdrv received from the touch
power IC 260 to the selected touch sensors TS, accu-
mulates charges received from the selected touch sen-
sors TS, and outputs touch raw data T1 to T3. During the
display driving period Td, the connection between the
sensor lines L1 to Li and the multiplexer MUX is released,
and the sensor lines L1 to Li are connected to a common
voltage input terminal (not shown). Thus, the common
voltage is supplied to the touch sensors TS during the
display driving period Td.

[0070] Thesourcedriver|C SICincludes outputcontrol
switches SW, which are turned on or off in response to
the touch enable signal TEN. During the touch sensor
driving period Tt, the output control switches SW connect
the touch power IC 260 outputting the second AC signal
LFD2 to the data lines D 1 to D5 and cause the second
AC signal LFD2 to be supplied to the data lines D1 to D5.
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[0071] During the display driving period Td, the output
control switches SW connect output buffers BUF output-
ting data voltages DATA1 to DATAS to the data lines D1
to D5 and cause the data voltages DATA1 to DATAS5 to
be supplied to the data lines D1 to D5.

[0072] During the touch sensor driving period Tt, the
gate driver IC GIC connects the touch power IC 260 pro-
ducing the first AC signal LFD1 having the amplitude cor-
responding to the second gate high voltage Vgh2 to the
gate lines G1 to Gn and causes the first AC signal LFD1
to be supplied to the gate lines G1 to Gn. The gate driver
IC GIC and the touch power IC 260 are connected to
each other through the first COF COF1, LOG (line-on
glass) lines, the second COF COF2, etc. The LOG lines
are signal lines disposed on a display substrate of the
display panel 10. The electrical connection between the
gatedriver IC GIC and the touch power IC 260 is released
during the display driving period Td.

[0073] The PWM generator 250 outputs a first PWM
signal P1, a second PWM signal P2, and a third PWM
signal P3 having the same phase.

[0074] The touch power IC 260 produces the touch
driving signal Vdrv having the amplitude corresponding
to the second gate high voltage Vgh2 based on the first
PWM signal P1, the first AC signal LFD1 having the am-
plitude corresponding to the second gate high voltage
Vgh2 based on the second PWM signal P2, and the sec-
ond AC signal LFD2 having the amplitude corresponding
to the second gate high voltage Vgh2 based on the third
PWM signal P3. In one embodiment, the amplitude of
Vdrv/LFD1/LFD2 corresponds to the second gate high
voltage Vgh2 because the amplitude varies as the volt-
age level of the second gate high voltage Vgh2 varies.
[0075] As shown in FIG. 6, the touch power IC 260
receives a gate low voltage VGL of a DC level and the
common voltage Vcom from the main power IC 300. The
gate low voltage VGL is a voltage capable of turning off
the TFTs included in the display panel 10. The touch
power IC 260 level-shifts the first PWM signal P1 received
from the PWM generator 250 based on the common volt-
age Vcom and produces the touch driving signal Vdrv.
The touch power IC 260 level-shifts the second PWM
signal P2 received from the PWM generator 250 based
on the common voltage Vcom and produces the first AC
signal LFD1. The touch power IC 260 level-shifts the third
PWM signal P3 received from the PWM generator 250
based on the gate low voltage VGL and produces the
second AC signal LFD2. The touch power IC 260 causes
the touch driving signal Vdrv, the first AC signal LFD1,
and the second AC signal LFD2 to have the same am-
plitude as the amplitude corresponding to the second
gate high voltage Vgh2.

[0076] So far, the embodiment of the invention de-
scribed that the touch power IC 260 receives the first to
third PWM signals P1 to P3 from the PWM generator
250, level-shifts the first to third PWM signals P1 to P3,
and causes the touch driving signal Vdrv, the first AC
signal LFD1, and the second AC signal LFD2 to have the
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same amplitude. However, the embodiment of the inven-
tion is not limited thereto. For example, the touch power
IC 260 may receive one of the first to third PWM signals
P1 to P3 from the PWM generator 250, level-shift the
received PWM signal, and produce the touch driving sig-
nal Vdrv, the first AC signal LFD1, and the second AC
signal LFD2.

[0077] FIG. 6 shows that the gate low voltage VGL of
the DC level is input to the touch power IC 260, as an
example. The embodiment of the invention is not limited
thereto. For example, the touch power IC 260 may re-
ceive the gate low voltage VGL, produce the gate pulse
based on the first gate high voltage Vgh1 during the dis-
play driving period Td, and produce the first AC signal
LFD1 having the amplitude corresponding to the second
gate high voltage Vgh2 based on the second PWM signal
P2 during the touch sensor driving period Tt.

[0078] FIG. 6 shows that the common voltage Vcom
of the DC level is input to the touch power IC 260, as an
example. The embodiment of the invention is not limited
thereto. For example, the touch power IC 260 may re-
ceive the common voltage Vcom, produce the common
voltage Vcom during the display driving period Td, pro-
duce the touch driving signal Vdrv having the amplitude
corresponding to the second gate high voltage Vgh2
based on the first PWM signal P1 during the touch sensor
driving period Tt, and produce the second AC signal
LFD2 having the amplitude corresponding to the second
gate high voltage Vgh2 based on the third PWM signal
P3 during the touch sensor driving period Tt.

[0079] FIG. 6 shows that switches Q1 and Q2, which
are turned on or off depending on the display driving pe-
riod Td and the touch sensor driving period Tt, are not
embedded in the touch power IC 260, as an example.
The embodiment of the invention is not limited thereto.
For example, the switches Q1 and Q2 may be embedded
in the touch power IC 260.

[0080] The main power IC 300 produces the gate high
supply voltage (which can be at a first gate high voltage
level Vghlor a second gate high voltage level Vgh2), the
gate low supply voltage VGL, the common voltage Vcom,
a high potential driving voltage VDD, a high potential logic
voltage VCC, and the like.

[0081] The main power IC 300 produces the first gate
high voltage Vgh1 during the display driving period Td,
in which the inputimage data is applied to the pixels 101.
The first gate high voltage Vgh1 is a voltage capable of
turning on the TFTs included in the display panel 10 dur-
ing the display driving period Td. The main power IC 300
produces the second gate high voltage Vgh2 to be less
than the first gate high voltage Vgh1 during the touch
sensor driving period Tt, in which the touch input with
respect to the touch sensors TS is sensed. In this in-
stance, the main power IC 300 may control the second
gate high voltage Vgh2 in response to the power control
signal PSS, such as by adjusting the voltage level of the
second gate high voltage Vgh2. The first gate high volt-
age Vgh1 and the gate low supply voltage VGL are volt-

10

15

20

25

30

35

40

45

50

55

ages for producing the gate pulse applied to the gate
lines. The high potential driving voltage VDD is a power
voltage supplied to a gamma string included in the source
driver IC SIC. The high potential logic voltage VCC is an
operating voltage for operating internal logics of the
source driver IC SIC, the SRIC, and the gate driver IC
GIC.

[0082] The display device according to the embodi-
ment of the invention is a touch sensor integrated type
display device. The touch sensor integrated type display
device may adopt a double feeding method illustrated in
FIG. 4, so as to minimize a signal distortion attributable
to an RC delay. According to the double feeding method,
the data voltage is simultaneously supplied to the data
lines D1 to Dm from first and second sides of the display
panel 10 which are opposite to each other, and the gate
pulse is simultaneously supplied to the gate lines G1 to
Gn from third and fourth sides of the display panel 10
which are opposite to each other. The embodiment of
the invention is not limited thereto.

[0083] FIG. 7 is a waveform diagram showing an am-
plitude of the first AC signal depending on a difference
between the first gate high voltage and the second gate
high voltage. FIG. 8 is a waveform diagram showing the
second gate high voltage controlled in response to the
power control signal.

[0084] The gate driver IC GIC is driven within a prede-
termined driving voltage range. A voltage level range of
the gate driver IC GIC may be limited so that it is driven
within the predetermined driving voltage range. The volt-
age level range of the gate driver IC GIC is defined by a
difference between the gate high supply voltage VGH
and the gate low supply voltage VGL. If the predeter-
mined driving voltage range of the gate driver IC GIC is
15 V to 40 V, the voltage level range of the gate driver
IC GIC may be limited to a value less than 40 V.

[0085] Forexample, when the gate high supply voltage
VGH is set to 30 V, the gate low voltage supply VGL is
set to be less than -10 V, so that the gate driver IC GIC
is driven within the voltage level range of 40 V. As de-
scribed above, the voltage level range of the gate driver
IC GIC may be limited so as to drive the gate driver IC
GIC within the predetermined driving voltage range.
[0086] During the display driving period Td, the gate
driver IC GIC sets the gate high supply voltage VGH as
high as possible within its voltage level range and sup-
plies the gate high supply voltage VGH to the gate lines
G1 to Gn, thereby stably driving the display device. Be-
cause the gate driver IC GIC sets the gate high supply
voltage VGH as high as possible within its voltage level
range, there is a limit to a reduction in the gate low supply
voltage VGL within the limited voltage level range.
Hence, a low level of the first AC signal LFD1 supplied
to the gate lines G1 to Gn during the touch sensor driving
period Tt is limited. In order to solve this, the display de-
vice according to the embodiment of the invention, as
showninFIG. 7, produces thefirst gate high voltage Vgh1
during the display driving period Td, in which the input
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image data is applied to the pixels, and produces the
second gate high voltage Vgh2 less than the first gate
high voltage Vgh1 during the touch sensor driving period
Tt, in which the touch input with respect to the touch sen-
sors TS is sensed.

[0087] During the touch sensor driving period Tt, the
second gate high voltage Vgh2 may be produced to be
less than the first gate high voltage Vgh1 by Ad. Hence,
the low level of the first AC signal LFD1 may be reduced
by Ad. As aresult, an amplitude 'am’ of the first AC signal
LFD1 may increase by two times the voltage Ad. Ampli-
tude 'am’ may refer to peak to peak amplitude.

[0088] Forexample, assuming that the predetermined
driving voltage range of the gate driver IC GIC is set to
40V, the first gate high voltage Vgh1 is set to 30 V, and
the second gate high voltage Vgh2 is set to 28 V, a dif-
ference Ad between the first gate high voltage Vgh1 and
the second gate high voltage Vgh2 is 2 V. Because the
predetermined driving voltage range of the gate driver IC
GIC is approximately 40 V, the voltage level range of the
gate driver IC GIC may be shifted from (-10 V to 30 V)
to (-12 V to 28 V). Hence, the low level of the first AC
signal LFD1 may be reduced by -2 V. Because the low
level of the first AC signal LFD1 is reduced by -2 V, a
high level of the first AC signal LFD1 may further increase
by 2 V. Thus, the amplitude 'am’ corresponding to a swing
amplitude of the first AC signal LFD1 may furtherincrease
by 4V. The amplitude 'am’ of the first AC signal LFD1
may be proportional to the difference Ad between the first
gate high voltage Vgh1 and the second gate high voltage
Vgh2. In one embodiment, an amplitude of the first AC
signal LFD1 has a voltage margin proportional to the dif-
ference Ad between the first gate high voltage Vgh1 and
the second gate high voltage Vgh2.

[0089] Because the first AC signal LFD1 has the am-
plitude corresponding to the second gate high voltage
Vgh2, the touch driving signal Vdrv and the second AC
signal LFD2 each having the same phase and the same
amplitude as the first AC signal LFD1 may be changed
to the amplitude corresponding to the second gate high
voltage Vgh2. During the touch sensor driving period Tt,
the touch driving signal Vdrv having the same phase and
the same amplitude as the first AC signal LFD1 is sup-
plied to the touch sensors TS, and the second AC signal
LFD2 having the same phase and the same amplitude
as the first AC signal LFD1 is supplied to the data lines
connected to the pixels.

[0090] As described above, the embodiment of the in-
vention can increase the amplitude 'am’ of the first AC
signal LFD1 because the first AC signal LFD1 has the
amplitude corresponding to the second gate high voltage
Vgh2. Further, the touch driving signal Vdrv and the sec-
ond AC signal LFD2 having the same phase and the
same amplitude as the first AC signal LFD1 may be
changed to an increase in the amplitude 'am’ of the first
AC signal LFD1. Consequently, the touch sensitivity and
the accuracy of touch recognition of the display device
according to the embodiment of the invention can be im-
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proved.

[0091] ReferringtoFIG.8.thedisplay device according
to the embodiment of the invention may produce the sec-
ond gate high voltage Vgh2 less than the first gate high
voltage Vgh1 during the touch sensor driving period Tt
and may analyze the input image to produce the power
control signal PSS depending on an attribute of the input
image during the display driving period Td. The image
attribute analyzes the displayed image and adjusts and
compensates a driving voltage when a noise increases
during a drive.

[0092] In FIG. 8, (a) shows the second gate high volt-
age Vgh2 controlled in response to the power control
signal PSS when atouch noise increases duetoanimage
output during the display driving period Td.

[0093] Aripple of the common voltage Vcom may exist
during specific images, such as images in which the data
voltage changes greatly during the display driving period
Td. Hence, a touch noise may increase, and the touch
sensitivity and the accuracy of touch recognition may be
reduced. The driving voltage of a relatively high level has
to be supplied to the signal lines, so as to increase the
touch sensitivity and the accuracy of touch recognition.
[0094] Although the embodiment of the invention uses
a load free driving method, in which the display driving
period Td and the touch sensor driving period Tt are di-
videdly driven, a voltage difference between both ends
(the touch sensor and the driving lines) of a parasitic ca-
pacitance may exist when the driving voltage of the rel-
atively high level is supplied to the signal lines. Hence,
an amount of charges charged to the parasitic capaci-
tance is not zero. As a result, the touch sensitivity may
be reduced.

[0095] The timing controller 16 supplies a first power
control signal to the main power IC 300 and increases
the difference between the first gate high voltage Vgh1
and the second gate high voltage Vgh2. Because the first
AC signal LFD1 has the amplitude corresponding to the
second gate high voltage Vgh2, an amplitude am1 of the
first AC signal LFD1 may increase. Because the touch
driving signal Vdrv and the second AC signal LFD2 hav-
ing the same phase and the same amplitude as the first
AC signal LFD1 are changed to an increase in the am-
plitude 'am1’ of the first AC signal LFD1, a reduction in
the touch sensitivity can be previously prevented.
[0096] In FIG. 8, (b) shows the second gate high volt-
age Vgh2 controlled in response to the power control
signal PSS when a touch noise decreases due to an im-
age output during the display driving period Td. A ripple
of the common voltage Vcom may exist during specific
images, such as images in which the data voltage slightly
changes during the display driving period Td. Hence, a
touch noise may decrease, and the touch sensitivity and
the accuracy of touch recognition may increase. As a
result, even if the driving voltage of a relatively low level
is supplied to the signal lines, the touch sensitivity and
the accuracy of touch recognition may be maintained
without a reduction.
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[0097] When the driving voltage of the relatively low
level is supplied to the signal lines, there is little voltage
difference between both ends (the touch sensor and the
signal lines) of the parasitic capacitance. Hence, an
amount of charges charged to the parasitic capacitance
is substantially zero. The timing controller 16 supplies a
second power control signal to the main power IC 300
and reduces the difference between the first gate high
voltage Vgh1 and the second gate high voltage Vgh2.
Because the first AC signal LFD1 has the amplitude cor-
responding to the second gate high voltage Vgh2 that is
less than the first gate high voltage Vgh1, an amplitude
am?2 of the first AC signal LFD1 decreases. Because the
touch driving signal Vdrv and the second AC signal LFD2
having the same phase and the same amplitude as the
first AC signal LFD1 are changed due to a reduction in
the amplitude 'am2’ of the first AC signal LFD1, the touch
sensitivity can be easily maintained.

[0098] As described above, the embodiment of the in-
vention controls the second gate high voltage Vgh2 in
response to the power control signal PSS and can main-
tain the touch sensitivity, which may vary depending on
the noise, at a predetermined level.

[0099] FIGS. 9 to 11 show various examples of the
touch driving device 18 according to the embodiment of
the invention.

[0100] The touch driving device 18 according to the
embodiment of the invention may be implemented as an
IC package shown in FIGS. 9 to 11.

[0101] Referring to FIG. 9, the touch driving device 18
includes a driver IC DIC and a touch sensing IC TIC.
[0102] ThedriverICDIC includes atouch sensor chan-
nel unit 100, a Vcom buffer 110, a switch array 120, a
timing control signal generator 130, a multiplexer (MUX)
140, and a DTX compensation unit 150.

[0103] Thetouchsensorchannelunit 100 is connected
to electrodes of the touch sensors through the sensor
lines and is connected to the Vcom buffer 110 and the
multiplexer 140 through the switch array 120. The multi-
plexer 140 connects the sensor lines to the touch sensing
IC TIC. In case of a 1-to-3 multiplexer, the multiplexer
140 sequentially connects one channel of the touch sens-
ing IC TIC to the three sensor lines in the time-division
manner and thus reduces the number of channels of the
touch sensing IC TIC. The multiplexer 140 sequentially
selects the sensor lines, which will be connected to the
channel of the touch sensing IC TIC, in response to MUX
control signals MUXC1 to MUXC3. The multiplexer 140
is connected to the channels of the touch sensing IC TIC
through touch lines.

[0104] The Vcom buffer 110 outputs the common volt-
age Vcom of the pixel. The switch array 120 supplies the
common voltage Vcom output from the Vcom buffer 110
to the touch sensor channel unit 100 during the display
driving period under the control of the timing control signal
generator 130. The switch array 120 connects the sensor
lines to the touch sensing IC TIC during the touch sensor
driving period under the control of the timing control signal
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generator 130.

[0105] The timing control signal generator 130 gener-
ates timing control signals for controlling operation tim-
ings of the display driver and the touch sensing IC TIC.
The display driver includes a data driver 12 for applying
data of an input image to the pixels and a gate driver 14.
The data driver 12 generates a data voltage and supplies
the data voltage to data lines D1 to Dm of the display
panel 10. The data driver 12 may be integrated into the
driver IC DIC. The gate driver 14 sequentially supplies a
gate pulse (or a scan pulse) synchronized with the data
voltage to gate lines G1 to Gn of the display panel 10.
The gate driver 14 may be disposed on a substrate of
the display panel 10 along with the pixels.

[0106] The timing control signal generator 130 of the
driver IC DIC is substantially the same as a timing control
signal generator present in a timing controller 16 shown
in FIG. 1. The timing control signal generator 130 drives
the display driver during the display driving period and
drives the touch sensing IC TIC during the touch sensor
driving period.

[0107] As shown in FIG. 3, the timing control signal
generator 130 produces the touch enable signal TEN de-
fining the display driving period Td and the touch sensor
driving period Tt and synchronizes the display driver with
the touch sensing IC TIC. The display driver applies data
to the pixels during afirst level period of the touch enable
signal TEN. The touch sensing IC TIC drives the touch
sensors in response to a second level of the touch enable
signal TEN and senses the touch input. A first level of
the touch enable signal TEN may be a high level, and
the second level of the touch enable signal TEN may be
a low level, or vice versa.

[0108] ThetouchsensingIC TIC is connected to a driv-
ing power unit (not shown) and receives driving power.
The touch sensing IC TIC produces the touch sensor
driving signal in response to the second level of the touch
enable signal TEN and applies the touch sensor driving
signal to the touch sensors. The touch sensor driving
signal may be generated in various pulse shapes includ-
ing a square wave, a sine wave, a triangle wave, etc.
However, it is preferable, but not required, that the touch
sensor driving signal is generated in the pulse shape of
the square wave. The touch sensor driving signal may
be applied to each of the touch sensors N times, so that
charges are accumulated on an integrator of the touch
sensing IC TIC N or more times, where N is a natural
number equal to or greater than 2.

[0109] A noise of the touch sensor driving signal may
increase depending on changes in data of the input im-
age. The DTX compensation unit 150 analyzes the data
of the input image, removes a noise component from
touch raw data depending on changes in a gray level of
the input image, and transmits it to the touch sensing IC
TIC. DTX means Display and Touch crosstalk. The con-
tent related to the DTX compensation unit 150 is dis-
closed in detail in Korean Patent Application No.
10-2012-0149028 (December 19, 2012) corresponding
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to the present applicant, and which are hereby incorpo-
rated by reference in their entirety. In case of a system,
in which a noise of the touch sensor does not sensitively
change depending on changes in data of the inputimage,
the DTX compensation unit 150 is not necessary and
thus may be omitted.

[0110] The touch sensing IC TIC drives the multiplexer
140 in response to the touch enable signal TEN from the
timing control signal generator 130 during the touch sen-
sor driving period Tt and receives charges of the touch
sensors through the multiplexer 140 and the sensor lines.
[0111] The touch sensing IC TIC detects a change in
charges before and after the touch input from the touch
sensor driving signal and compares the change in charg-
eswith a predetermined threshold value. The touch sens-
ing IC TIC determines a location of the touch sensors
having the change in charges, which is equal to or greater
than the threshold value, as an area of the touch input.
The touch sensing IC TIC calculates coordinates of each
touch input and transmits touch data TDATA(XY) includ-
ing coordinate information of the touch input to the ex-
ternal host system 19. The touch sensing IC TIC includes
an amplifier amplifying charges of the touch sensor, an
integrator accumulating charges received from the touch
sensor, an analog-to-digital converter (ADC) converting
a voltage of the integrator into digital data, and an arith-
metic logic unit. The arithmetic logic unit compares touch
raw data output from the ADC with the threshold value
and determines the touch input based on the result of a
comparison. The arithmetic logic unit performs a touch
recognition algorithm calculating coordinates.

[0112] ThedriverIC DIC and the touch sensing IC TIC
may transmit and receive signals through a serial periph-
eral interface (SPI).

[0113] The hostsystem 19 means a system main body
of an electronic device, to which the display device 10
according to the embodiment of the invention is applica-
ble. The host system 19 may be implemented as one of
a phone system, a television system, a set-top box, a
navigation system, a DVD player, a Blu-ray player, a per-
sonal computer (PC), and a home theater system. The
host system 19 receives touch input data TDATA(XY)
from the touch sensing IC TIC and executes an applica-
tion associated with the touch input.

[0114] Referring to FIG. 10, the touch driving device
18 includes a touch sensor driver RIC DIC and a micro-
controller unit (MCU).

[0115] The touch sensor driver RIC includes a touch
sensor channel unit 100, a Vcom buffer 110, a switch
array 120, a first timing control signal generator 130, a
multiplexer (MUX) 140, a DTX compensation unit 150, a
sensing unit 160, a second timing control signal gener-
ator 170, and a memory 180. The touch sensor driver
RIC shown in FIG. 10 is different from the touch sensor
driver RIC shown in FIG. 9 in that the sensing unit 160
and the second timing control signal generator 170 are
integrated inside the touch sensor driver RIC. The first
timing control signal generator 130 of FIG. 10 is substan-
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tially the same as the timing control signal generator 130
of FIG. 9. Thus, the first timing control signal generator
130 generates timing control signals for controlling op-
eration timings of the display driver and the touch sensing
IC TIC.

[0116] The multiplexer 140 floats electrodes of the
touch sensor accessed by the sensing unit 160 under
the control of the MCU. The touch sensor electrodes ac-
cessed by the sensing unit 160 are selected by the sens-
ing unit 160 among other touch sensor electrodes except
the touch sensor electrodes connected to the pixels
charged to the data voltage. The multiplexer 140 may
supply the common voltage Vcom under the control of
the MCU.

[0117] The sensing unit 160 is connected to the sensor
lines 115 through the multiplexer 140. The sensing unit
160 measures a change in a waveform of the voltage
received from the touch sensor electrodes 22 and con-
verts the change into digital data. The sensing unit 160
includes an amplifier amplifying the received voltages of
the touch sensor electrodes 22, an integrator accumu-
lating the amplified voltages of the amplifier, and an an-
alog-to-digital converter (ADC) converting a voltage of
the integrator into digital data. The digital data output
fromthe ADC is touch raw data TDATA and is transmitted
to the MCU.

[0118] The second timing control signal generator 170
generates timing control signals and clocks for controlling
operation timings of the multiplexer 140 and the sensing
unit 160. The DTX compensation unit 150 may be omitted
in the touch sensor driver RIC. The memory 180 tempo-
rarily stores the touch raw data TDATA under the control
of the second timing control signal generator 170.
[0119] The touch sensor driver RIC and the MCU may
transmit and receive signals through a serial peripheral
interface (SPI). The MCU compares the touch raw data
TDATA with a predetermined threshold value and deter-
mines a touch input based on the result of a comparison.
The MCU performs a touch recognition algorithm calcu-
lating coordinates.

[0120] Referring to FIG. 11, the touch driving device
18 includes a driver IC DIC and a memory MEM.
[0121] ThedriverIC DIC includes atouch sensor chan-
nel unit 100, a Vcom buffer 110, a switch array 120, a
first timing control signal generator 130, a multiplexer
140, a DTX compensation unit 150, a sensing unit 160,
a second timing control signal generator 170, a memory
180, and a MCU 190. The driver IC DIC shown in FIG.
11 is different from the driver IC DIC shown in FIG. 10 in
that the MCU 190 is integrated inside the driver IC DIC.
The MCU 190 compares touch raw data TDATA with a
predetermined threshold value and determines a touch
input based on the result of a comparison. The MCU 190
performs a touch recognition algorithm calculating coor-
dinates.

[0122] The memory MEM stores a register setting val-
ue related to timing information required in operations of
the display driver and the sensing unit 160. When the
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display device 10is powered on, the register setting value
is loaded from the memory MEM to the first timing control
signal generator 130 and the second timing control signal
generator 170. The first timing control signal generator
130 and the second timing control signal generator 170
generate timing control signals for controlling the display
driver and the sensing unit 160 based on the register
setting value read from the memory MEM. The embodi-
ment of the invention can respond to changes in a model
of a driving device without change in a structure of the
driving device by changing the register setting value of
the memory MEM.

[0123] As described above, the embodiment of the in-
vention produces the second gate high voltage that less
than the first gate high voltage during the touch sensor
driving period and thus can increase the amplitude of the
touch driving signal. As a result, the embodiment of the
invention can improve the touch sensitivity and the ac-
curacy of the touch recognition.

[0124] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangementwithin the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications in the component parts and/or arrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims

1. A driving circuit for a display device having one or
more pixels, touch sensors (TS1, ..., TS4), and a
gate line (G1, ..., Gn) connected to the one or more
pixels, the display device configured to be driven in
adisplay driving period (Td) and a touch sensor driv-
ing period (Tt), the driving circuit comprising:

a power circuit (300) configured to generate a
gate high voltage (VGH) for a gate driver (14),
the gate driver (14) configured to supply a gate
pulse to the gate line (G1, ..., Gn) based on the
gate high voltage (VGH); and

wherein the power circuit (300) is configured to
generate the gate high voltage (VGH) to have a
first voltage level (Vgh1) during the display driv-
ing period (Td) and to generate the gate high
voltage (VGH) to have a second voltage level
(Vgh2) lower than the first voltage level (Vgh1)
during the touch sensor driving period (Tt).

2. The driving circuit of claim 1, further comprising:
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a touch power circuit (260) configured to pro-
duce a first AC (alternating current) signal
(LFD1) having an amplitude corresponding to
the second voltage level (Vgh2) of the gate high
voltage (VGH),

wherein the gate driver (14) is configured to sup-
ply the gate pulse to the gate line during the dis-
play driving period (Td) and supply the first AC
signal (LFD1) to the gate line (G1, ..., Gn) during
the touch sensor driving period (Tt).

The driving circuit of claim 2, configured to, during
the touch sensor driving period (Tt), supply a touch
driving signal (Vdrv) having the same phase and the
same amplitude as the first AC signal (LFD1) to the
touch sensors (TS1, ..., TS4), and supply a second
AC signal (LFD2) having the same phase and the
same amplitude as the first AC signal (LFD1) to data
lines (D1, ..., Dm) connected to the pixels.

The driving circuit of claim 3, further comprising:

a pulse width modulation (PWM) generator
(250) configured to output first, second and third
PWM signals (P1, P2, P3) having a same phase,
and

wherein the touch power circuit (260) is config-
ured to produce the touch driving signal (Vdrv)
having an amplitude corresponding to the sec-
ond voltage level (Vgh2) of the gate high voltage
(VGH) based on the first PWM signal (P1), and
produce the first AC signal (LFD1) having an
amplitude corresponding to the second voltage
level (Vgh2) of the gate high voltage (VGH)
based on the second PWM signal (P2), and pro-
duce the second AC signal (LFD2) having an
amplitude corresponding to the second voltage
level (Vgh2) of the gate high voltage (VGH)
based on the third PWM signal (P3).

The driving circuit of claim 4, wherein the touch pow-
er circuit (260) is configured to level-shift the first
PWM signal (P1) based on a common voltage to
produce the touch driving signal (Vdrv), level-shift
the second PWM signal (P2) based on the common
voltage to produce the first AC signal (LFD1), and
level-shift the third PWM signal (P3) based on a gate
low voltage (VGL) to produce the second AC signal
(LFD2).

The driving circuit of any one of claims 2to 5, wherein
an amplitude of the first AC signal (LFD1) has a volt-
age margin proportional to a difference between the
first voltage level (Vgh1) and the second voltage lev-
el (Vgh2) of the gate high voltage (VGH).

The driving circuit of any one of claims 1 to 6, further
comprising a timing controller (16) configured to an-
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alyze an input image and produce a power control
signal (PSS) depending on an attribute of the input
image,

wherein the power circuit (300) is configured to con-
trol the second voltage level (Vgh2) of the gate high
voltage (VGH) in response to the power control sig-
nal (PSS).

A display device comprising:

adisplay panel (10) including one or more pixels,
touch sensors (TS1, ..., TS4), and a gate line
(G1, ..., Gn) connected to the one or more pixels,
the display panel (10) configured to be driven in
a display driving period (Td) and a touch sensor
driving period (Tt);

a gate driver (14) configured to generate a gate
pulse based on a gate high voltage (VGH) and
to supply the gate pulse to the gate line; and

a driving circuit according to any one of claims
1 to 7, coupled to the gate driver (14).

A method for driving a display device including a dis-
play panel (10) including pixels, touch sensors (TS1,
..., 1S4), and a gate line (G1, ..., Gn) connected to
the one or more pixels, the display panel (10) con-
figured to be driven in a display driving period (Td)
and a touch sensor driving period (Tt), the method
comprising:

generating a gate pulse at a gate driver (14)
based on a gate high voltage (VGH) and sup-
plying the gate pulse to the gate line;
generating the gate high voltage (VGH) to have
a first voltage level (Vgh1) during the display
driving period (Td); and

generating the gate high voltage (VGH) to have
a second voltage level (Vgh2) lower than the
firstvoltage level (Vgh1) during the touch sensor
driving period (Tt).

10. The method of claim 9, further comprising:

producing a first AC (alternating current) signal
(LFD1) having an amplitude corresponding to
the second gate high voltage (VGH); and

supplying the first AC signal (LFD1) to the gate
line during the touch sensor driving period (Tt),
wherein the gate pulse is supplied to the gate
line during the display driving period (Td).

11. The method of claim 10, further comprising:

supplying a touch driving signal (Vdrv) having
the same phase and the same amplitude as the
first AC signal (LFD1) to the touch sensors (TS1,
..., 1S4) during the touch sensor driving period
(Tt); and
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supplying a second AC signal (LFD2) having the
same phase and the same amplitude as the first
AC signal (LFD1) to data lines connected to the
pixels during the touch sensor driving period
(Tt).

The method of claim 11, further comprising:

generating first, second and third PWM signals
(P1, P2, P3) having a same phase;

producing the touch driving signal (Vdrv) having
an amplitude corresponding to the second volt-
age level (Vgh2) of the gate high voltage (VGH)
based on the first PWM signal (P1);

producing the first AC signal (LFD1) having an
amplitude corresponding to the second voltage
level (Vgh2) of the gate high voltage (VGH)
based on the second PWM signal (P2); and
producing the second AC signal (LFD2) having
an amplitude corresponding to the second volt-
age level (Vgh2) of the gate high voltage (VGH)
based on the third PWM signal (P3).

The method of claim 12, wherein the touch driving
signal (Vdrv) is produced by level-shifting the first
PWM signal (P1) based on a common voltage, the
first AC signal is produced by level-shifting the sec-
ond PWM signal (P2) based on the common voltage,
and the second AC signal (LFD2) is produced by
level-shifting the third PWM signal (P3) based on a
gate low voltage (VGL).

The method of any one of claims 10 to 13, wherein
an amplitude of the first AC signal (LFD1) has a volt-
age margin proportional to a difference between the
first voltage level (Vgh1) and the second voltage lev-
el (Vgh2) of the gate high voltage (VGH).

The method of any one of claims 9 to 14, further
comprising:

analyzing aninputimage and producing a power
control signal (PSS) depending on an attribute
of the input image; and

controlling the second voltage level (Vgh2) of
the gate high voltage (VGH) in response to the
power control signal (PSS).
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